Aiming at the nonlinear model of TCP network, we carried out a T-S fuzzy model with uncertain parameters which can describe the AQM more approximate; In addition, we achieved the sufficient condition for the existing of minimax controller with considering the situation that the system got the max impact when being disturbed by LMI and Liapunov stability theory. The simulation showed the control algorithm we proposed had better stability and robustness as well as dynamic performance that the message queue length being converged to the expected value more quickly.
Introduction
With the development of computer technology and network, the number of network users is rapidly growing. The tremendous information needs make the TCP/IP network congestion be more important based on limited network resources relatively. The Active Queue Management(AQM) is an effective method to control network congestion on router which is more popular with researchers in recent years.
A large number of references on AQM have been proposed. References [1, 2] carried out a nonlinear TCP model based on fluid-flow theory and analyzed this improved model by linearizing the system at the equilibrium point achieving the stability condition; There are some uncertain factors in TCP network like round-trip delay, number of connections as well as link capacity etc. which bring difficulties in modeling and analyzing to a certain extent. However the Fuzzy control technology is playing an important role in analyzing the systems with uncertain factors. In the 1980s, Takagi and Sugeno put forward the famous T-S fuzzy model in the reference [3] , which became the theoretical basis for the subsequent research. The robust problem of nonlinear systems with uncertain disturbed boundary based on T-S model were studied in reference [4, 5] , in which the stability was also discussed under some indicator function through minimax theory.
In this paper, we modeled the AQM by T-S fuzzy model which had the characteristics of the approximation of nonlinear system, taking time varying and strong-nonlinearity into consideration. In addition we designed the minimax controller that can make system quickly convergence to the desired state and have better stability. (2) as follows:
Description of AQM
the system (1) will be modified as follows:
So we achieve the state equation (4):
The system (4) can be described as equation (5):
The T-S Fuzzy Modeling for AQM
System (4) is normally used to analyze the network congestion. However, it is difficult to design a controller for TCP network congestion because of its nonlinearity. So we wanted to design the controller simply with the help of the T-S model by its advantages.
As we all know, the T-S fuzzy model describes the original system by a number of linear subsystems which are combined by "if…then…"and membership functions. According to T-S fuzzy modeling regulation we rewrite the system (5) as follows: We can achieve the system (7) from the system (6):
Where:
is the membership function of ( )
It is easy for us to achieve that: 
If the ( ) 0 0 , x u is not the equilibrium point:
∇ is the gradient.
The Design of Minimax Controller
We designed the minimax controller, considering the interference and performance indicators (10) 
Simulation
In order to illustrate the better robustness and faster convergence, we choose the PI controller as the comparison which is normally used in practice.
The parameters are as follows: From Fig.1 , we can easily see the controller we designed has better stability and faster convergence than PI.
In order to verify the robustness of our controller, we put continuous disturbances into simulation and change some parameters 130 N = and 1500 / s C packets = q u e u e le n g th Fig.2 The queue length with varied network parameters C and N From Fig.2 we can see that the minimax controller we designed has better robustness and dynamic performance reflected in convergence and turbulence than PI. In addition, the Blue line is the queue length controlled by PI and the red line is the queue length controlled by our controller.
Conclusion
In order to solve the congestion problem of TCP network, we used T-S fuzzy model to be instead of the nonlinear AQM model for simple analysis. In addition, we established the sufficient condition for stability and designed the minimax controller with better stability and dynamic performance which is shown in simulation.
